The embryonic ultimobranchial bodies of mammalian species disperse into the thyroid gland to form C cells, calcitonin-secreting cells. In dogs, however, they remain partially separate to become the C cell complexes (KAMEDA et al., 1980) . The C cell complexes consist of C cells in various stages of differentiation associated with other epithelial elements and colloid-containing small follicles (KAMEDA, 1971; KAMEDA and IKEDA,1980) . In addition, there are cysts of various sizes and shapes. Larger ones store a colloid-like substance in their lumina and appear to have a secretory activity.
Thyroglobulin, the major protein constituent of the thyroid gland, plays an essential role in the formation, storage, and secretion of thyroid hormones. The main component of thyroglobulin has a molecular weight of 670,000 and sedimentation coefficient of 19S. By using an immunoperoxidase method with anti-19S thyroglobulin antiserum, previous studies have indicated that the colloid-containing small follicles in the C cell complexes are immunoreactive for 19S thyroglobulin (KAMEDA, 1977; KAMEDA et al., 1980; KAMEDA and IKEDA, 1980) . Furthermore, the follicles can incorporate radioiodine (KAMEDA et al., 1981) . This indicates that functional thyroid follicles can arise from the ultimobranchial bodies.
Cyst structures have been observed in the thyroid glands of various mammalian species (WETZEL and WOLLMAN, 1969; CALVERT and ISLER, 1970; ZELANDER and KIRKEBY, 437 1977). They are usually called "ultimobranchial cysts", though not necessarily of an ultimobranchial origin (WoLLMAN and NEvE,1971) . In the present study, a systematic study of cyst structures observed in the C cell complexes, properly referred to as "ultimobranchial cysts" , is undertaken. The histology and immunoperoxidase reactions to anti-calcitonin, anti-19S thyroglobulin and anti-C-thyroglobulin antisera of the cysts are reported in detail. Furthermore, light microscopic autoradiography is used to determine whether or not the colloid-like substance in the cyst lumina can incorporate radioactive iodine and thereby relates to the thyroid hormone synthesis.
C-thyroglobulin (C-Tg) is the largest molecular weight component (mol wt approx. 2,600,000) of thyroglobulin which is composed of several components (KAMEDA and IKEDA, 1979a) . The secretory granules of C cells, in addition to follicular cells and follicular colloid, have been demonstrated to react to an antiserum to C-Tg (KAMEDA and IKEDA, 1978,1979b) .
MATERIALS AND METHODS
Ninety dogs of both sexes and various ages were used in the present study. Of these, 12 young dogs, weighing 1 to 4 kg, were given a single intraperitoneal injection of 100 uCi carrier-free Na125I (The Radiochemical Centre, Amersham, England) per kg body weight.
The animals were killed 1, 5, 8, 24 and 48 hrs after the injection. The thyroid glands were fixed in Bouin's solution and occasionally in GPA solution (25% glutaraldehyde, l vol., saturated aqueous solution of picric acid, 3 vol., and acetic acid to give 1%) for 24-48 hrs. The specimens were embedded in paraffin. One lobe from each was cut into 5-10 em-thick longitudinal total serial sections. The other lobe was cut into 5 ~m non-serial sections. Some sections were stained with hematoxylin-eosin, periodic acid-Schiff (PAS) and lead-hematoxylin.
For immunological staining, the unlabelled antibody-enzyme bridge technique previously described was used (KAMEDA and IKEDA, 1978) . Three specific antisera were employed: anti-porcine calcitonin, anti-dog C-Tg, and anti-dog 19S thyroglobulin antisera. The preparation and serological studies for each antiserum have been previously described (KAMEDA and IKEDA, 1979a, b) . Control reactions included replacing the primary antiserum with normal (nonimmune) rabbit serum and absorbing the primary antiserum with an excess of the antigens (porcine calcitonin, dog C-Tg and dog 19S thyroglobulin).
For autoradiography, the sections were coated with an aqueous dilution of melted Sakura NR-M2, dried, and stored in light-tight boxes containing Silica Gel. After a 2 to 4 week exposure at 4°C, radioautography was developed for 5 min in Konidol X, fixed in Fuji Super Fix, and stained with hematoxylin-eosin.
RESULTS
In the complete serial sections of the 90 thyroid lobes, fifty-eight were found to possess one or more C cell complexes.
There were two types of C cell complexes as has been previously described (KAMEDA, 1971; KAMEDA and IKEDA, 1980) . One type of complex consists of a large number of C cells at various developmental stages and undifferentiated cells. A second type contains follicular cells in addition to these elements; the primitive follicular cells not yet organized into follicles and colloid-containing follicles of various sizes at various stages of differentiation were observed. The secretory The lumen is filled with a colloid-like substance.
x 180 granules of C cells were stained densely with both anti-calcitonin and anti-C-Tg antisera. Mature C cells with extensive cytoplasm were filled with numerous immunoreactive secretory granules. Immature C cells contained sparse reaction products in the still small amount of cytoplasm.
The undifferentiated cells, more numerous in younger animals, which revealed scanty cytoplasm and chromatin-dense nuclei, did not react to any antisera.
The follicular cells were stained diffusely with slightly diluted anti-19S antiserum regardless of whether or not they were organized into follicles. The colloid in the primordial small follicles was stained intensely with all dilutions of anti-19S antiserum up to the marginal dilution. The colloid in the comparatively enlarged follicles was stained more strongly with a highly diluted antiserum.
Most of the C cell complexes contained cysts varying in size, shape and luminal content ( Fig. la, b , c). They occurred singly or in clusters among C cell masses or other epithelial elements in the complexes.
The number of cysts and the volume they occupied varied widely from complex to complex. For example, in some complexes a large number of cysts having various shapes and sizes were dispersed throughout the complexes (Fig. 1a) . A very large cyst occupying roughly 80 to 90°/'q' of the complex was also seen (Fig. 1b) . Although the cysts were generally embedded within the complexes, several large ones partially extended into surrounding connective tissues (Fig.  1c) , thyroid parenchyma, or parathyroid gland IV. The interior of the cysts either appeared empty, or contained variable proportions of an amorphous secretion in addition Fig. 3. a- to cell debris. The secretory products were variable in appearance; some resembled the colloid of usual thyroid follicles, or revealed coarse reticular or granular features (Fig. la, b, c) . All of them were PAS-positive, although stained not so strongly as the colloid of typical follicles in thyroid parenchyma (Fig. 2) . Morphological features, immunoperoxidase reactions to each antiserum, and an ability to incorporate radioiodine of these cysts will be described in detail below.
Small cysts with a narrow lumen, which appeared more like a tube or a duct than a vesicle, were the most common cyst structures observed in the C cell complexes (Fig.   3a ). They revealed a tendency to occur in clusters rather than singly.
Their lumen was free of stainable material except for occasional desquamated cells and cell debris.
They were lined by a single layer of densely packed cells possessing a small amount of cytoplasm and a chromatin-dense nucleus.
The cysts revealed a lack of immunoreactivity for antisera; no cells lining the cysts reacted to anti-calcitonin ( Fig. 3b) and anti-19S thyroglobulin (Fig. 3c) antisera.
Subsequently, the cysts containing variable amounts of secretory products were investigated.
They were generally large in size, and frequently rounded in shape but occasionally occurred as tubes or ducts which might be straight, curved or branched. The cysts were principally lined with a single layer of cuboidal cells, but contained areas of simple squamous epithelium (Fig. 4a) . Furthermore, they were partially stained by the immunoperoxidase method using two kinds of antisera. F colloid containing follicle. x230. a. Reaction for calcitonin. C cells are strongly reactive, whereas secretory products in the cyst lumen and follicles at various stages of differentiation are nonreactive. b. Reaction for 19S thyroglobulin. The secretory products in the cysts are densely stained. Follicular cells are filled with dense reaction products. covered by densely packed small cells. Occurrence of ciliated cells was very rare in the epithelium. The cysts constituted by a stratified epithelium were occasionally observed. The cuboidal cells were specifically stained with anti-19S thyroglobulin antiserum; reaction products were quite abundant in the cytoplasm of cells (Fig. 4c) . The C cells stained with anti-calcitonin antiserum were dispersed among the epithelium or covered a small part of the cysts (Fig. 4b) . When stained with anti-C-Tg antiserum, the cuboidal cells and C cells revealed strong responses (Fig. 4d) . The secretory products in the cyst lumen showed various features: colloid-like, flocculent or granular (Fig. 4, 5) . Furthermore, the extent of their distribution in the cyst lumen markedly varied: scarce to quite abundant in amount. Despite the different appearances, the secretory products in cyst lumen revealed a strong immunoreaction for 19S thyroglobulin (Fig. 4c, 5b ). They were densely stained with all dilutions of the anti-19S antiserum up to the marginal dilution.
In addition, they were strongly immunoreactive to the anti-C-Tg antiserum (Fig. 4d) . On the other hand, the secretory products were completely devoid of any immunoreaction for calcitonin (Fig. 4b, 5a) . Autoradiographic examinations after injection of 1251 revealed that most of the cyst lumina were devoid of an accumulation of silver grains.
As an exception, in cysts containing large amounts of homogeneous colloid-like substance, a few silver grains were evident overlying their lumina (Fig. 6) .
DISCUSSION
The C cell complexes, remnants of ultimobranchial bodies, retain an abundance of fetal Fig. 6 . Autoradiograph of a C cell complex containing primordial follicles and cysts 24 hrs after injection of Na 1211. Poststained with hematoxylin-eosin. A heavy accumulation of silver grains is observed over the colloid of the primordial follicles (arrows). Silver grains over cyst 1 (C1) do not exceed those of the background, but cyst 2 (C2) shows a faintly positive reaction, suggesting that radioiodination might occur. x 150 characteristics for a long period. The undifferentiated cells, which are specific embryonic cells characterized by restricted cytoplasm, a chromatin-dense nucleus and a lack of immunoreactivity for antisera, are more numerous in the complexes of younger animals (KAMEDA, 1973; KAMEDA et al., 1980; KAMEDA and IKEDA, 1980) . The previous developmental and immunohistochemical study showed evidence that the undifferentiated cells can, over an extended period of time, develop into clusters of follicular epithelial cells which proceed to form lumina and develop into structurally differentiated follicles (KAMEDA et al., 1980) . The follicular cells and follicular colloid reveal a strong immunoreaction for 19S thyroglobulin (KAMEDA, 1977; KAMEDA and IKEDA, 1980) . Furthermore, the follicles can incorporate radioiodine; a heavy accumulation of silver grains is observed over the follicular lumina storing colloid after injection of 1251 (KAMEDA et al., 1981) . Thus, it is clear that functional thyroid follicles related to thyroid hormone synthesis are derived not only from the midline pouching out of the ventral pharyngeal floor but also from ultimobranchial bodies. In the present study, it was confirmed that the cyst structures in C cell complexes could also synthesize and store thyroglobulin-like glycoprotein.
Varying amounts of secretory products were accumulated in the large cysts. The secretory products showing colloid-like, flocculent or granular features were intensely stained with all dilutions of anti-19S thyroglobulin antiserum up to the marginal dilution.
They revealed no reaction for calcitonin.
The cuboidal epithelial cells surrounding the cyst lumen were also stained intensely with anti-19S antiserum.
Thus, the secretory products in the cysts displayed an immunoreaction for 19S thyroglobulin identical to that of the colloid in primordial follicles of fetal thyroids or C cell complexes, which is composed of newly synthesized 19S molecules having a conspicuously strong antigenicity. Their immunoreactivity was stronger than that of the colloid in enlarged and mature follicles, which consists of incereased amounts of "old" 19S molecules and faster components having weaker antigenicity than the new 19S molecules. However, in contrast to the primordial follicles showing a heavy accumulation of silver grains, the cysts in the complexes scarcely accumulated silver grains after the dogs were injected with Na125I. Although the cysts filled with a colloid-like material incorporated a small amount of radioiodine, the others did not, i.e., the secretory products in the cyst lumina have almost no iodineaccumulating ability. It is suggested that the cysts in C cell complexes are not directly involved in thyroid hormone synthesis, even though they synthesize and store the thyroglobulin-like glycoprotein which has the same antigenic determinant sites as the 19S molecule.
A following possibility is conceivable: in the cyst epithelium, as in thyroid follicular cells, the formation of a peptide backbone of thyroglobulin and a stepwise attachment of carbohydrate groups into the peptide subunits may occur, resulting in a 17-18S component which has antigenic determinant sites in common with the 19S component, but because of the lack of thyroid peroxidase which catalizes the iodination of thyrosyl residues of thyroglobulin, the 17-18S component cannot mature into iodinated 19S component, i,e., the non-iodinated immature thyroglobulin comes to be accumulated in the cyst lumina. An other possibility is that a thyroglobulin component possessing a function different from thyroid hormone synthesis may be produced by the cysts. C-Tg, whose antiserum specifically reacts to secretory granules of C cells in addition to follicular cells and follicular colloid, has been proposed, though the function of C-Tg is still unclear. The secretory products in the cyst lumina and the surrounding cuboidal cells were denesely stained by anti-C-Tg antiserum.
Anti-C-Tg antiserum forms a single long precipitin line with 19S component as well as anti-19S antiserum in immunodiffusion tests, i.e., C-Tg has common antigenic determinent sites with the 19S molecule (KAMEDA and IKEDA,1979a) . The iodine content of C-Tg is very low compared with that of the 19S component 0.16%'; 19S component, 0.52%) , and C-Tg shows little incorporation of radioactive iodine (125I) (KAMEDA, unpublished data) . This implies that C-Tg is not a significant component for iodine storage and is not directly related to thyroid hormone synthesis.
To clarify these possibilities, further experiments are necessary.
In the C cell complexes, there are C cells and follicular cells at various developmental stages. The cyst epithelium was also constituted by cells at various stages of differentiation.
The small cysts covered with densely packed small cells were devoid of stainable materials except for a few cell debris in the lumen, and revealed no immunoreaction to any of the antisera used. The epithelial cells of these cysts are thought to be immature and not yet able to synthesize the secretory product.
The C cells showing immunoreaction for calcitonin were distributed in cyst epithelium, but relatively few in number. Furthermore, the cyst lumen is not the site of calcitonin storage as it does not react to the anti-calcitonin antiserum.
In submammalian species including birds, calcitonin producing cells comprise an independent organ : the ultimobranchial body. Cysts with a ductless cavity lined by single or multiple layers of columnar to cuboidal cells are a common feature of all ultimobranchial glands (WATZKA, 1933) . The cysts are filled with a colloid-like material which has been demonstrated histochemically to contain mucopolysaccharides and carbohydrate-protein complexes (ROBERTSON and SWARTZ, 1964; SEHE,1965) . Immunoreaction for calcitonin is recognized in the cells localized in the middle and basal portions of cyst epithelium but not in the cystic contents (MCMILLAN et al., 1976) , and there is no 131I accumulation within the cyst lumina (SEHE,1965) . Thus, the cyst structures in the ultimobranchial bodies of lower vertebrates share some properties with the cysts in dog C cell complexes. However, it is unknown as yet whether or not the cystic contents of ultimobranchial bodies reveal the immunoreaction for thyroglobulin. Kameda biophys. Acta 577: 241-247 (1979b).
-: Immunohistochemical study of the C-cell complex of dog thyroid glands with reference to the reactions of calcitonin, C-thyroglobulin and 19S thyroglobulin. Cell Tiss. Res. 208: 405-415 (1980) .
